Rhododendron L. (Ericaceae) is a worldwide-distributed genus comprising more than 1 000 species of evergreen, semideciduous, and deciduous shrubs and trees. In France, heathland communities dominated and structured by the self-compatible shrub Rhododendron ferrugineum L. are widely and patchily distributed in the Alps and the Pyrenees. Rhododendron ferrugineum heathlands range from large and dense patches to isolated shrubs between 1 500 and 2 200 m a.s.l. on northwest-facing slopes. For sexually reproducing plant species, habitat fragmentation may affect the pollinator community and availability of mates, leading to important consequences for pollen fl ow, mating system, and seed production. Consequently, fragmentation may result in genetic erosion and decreasing offspring fi tness and population viability ( Young et al., 1996 ) . However, the effect of plant spatial pattern on selfi ng and outcrossing and on the subsequent genetic diversity is still poorly understood. Rhododendron ferrugineum has a massive fl oral display consisting of numerous infl orescences of 5 -22 red tubular fl owers ( Escaravage et al., 1997 ) . This evergreen shrub reproduces both sexually ( Escaravage et al., 1997 ) and vegetatively by layering ( Pornon et al., 2000 ) . Here we report the isolation and characterization of nine polymorphic microsatellite loci that will be used to assess the mating system, genetic diversity, and population genetic structure of R. ferrugineum growing in various heathland spatial patterns.
METHODS AND RESULTS
Total genomic DNA was extracted from 20 mg of lyophilized leaf tissue using the DNeasy Plant Mini Kit (Qiagen, Courtaboeuf, France) following the manufacturer ' s instructions. The extract was purifi ed using standard phenol/ chloroform method, ethanol precipitated and resuspended in buffer AE (Qiagen) to obtain a concentration of 134 ng/ µ l. Ratios of light absorbance at 260/280 nm and at 260/230 nm were determined to be 1.80 and 0.63, respectively, using a Nanodrop ND-1000 spectrophotometer (Peqlab, Erlangen, Germany ). Production and pyrosequencing of enriched DNA libraries were carried out by Genoscreen (Lille, France) and are fully described in Martin et al. (2010) . Genomic DNA was digested with Rsa I (Fermentas, Saint-R é my-l è s-Chevreuse, France) for 1 hour at 37 ° C, according to the manufacturer ' s instructions and ligated to standard adapters. After purifi cation on a Nucleofast PCR plate (Macherey-Nagel, Hoerdt, France), ligated DNA was hybridized to eight Biotinlabeled oligonucleotides corresponding to eight targeted microsatellite motifs [(AG) 10 , (AC) 10 , (AAC) 8 , (AGG) 8 , (ACG) 8 , (AAG) 8 , (ACAT) 6 , and (ATCT) 6 ]. The resulting enriched DNA was amplifi ed using primers corresponding to adapters. A total of 5 μ g of each purifi ed enriched libraries was used in the 454 FLX Titanium (Roche Applied Science, Meylan, France) library preparation following the manufacturer ' s protocols and quality control steps. Emulsion PCR, sequencing, and analytical processing such as base calling were then performed without modifi cations according to the GS-FLX protocol for Titanium series. The resulting sequences were subsequently sorted and selected using the open access program QDD . A total of 102 concatenated sequences longer than 80 bp contained microsatellite motifs with at least four repeats and tandem-repetition-free fl anking regions.
We tested the amplifi cation of the 102 sequences in separate PCR reactions. PCRs were performed in a 25-μ L mix containing 2 × QIAGEN Multiplex PCR 1 Manuscript received 27 December 2010; revision accepted 12 January 2011.
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• Methods and Results: The new-generation 454 FLX Titanium pyrosequencing technology was used to isolate 102 novel microsatellite loci. Two multiplex PCR sets were optimized to genotype nine polymorphic microsatellite loci. The level of genetic diversity was assessed in two populations from the Pyrenees (France). The mean number of alleles per locus ranged from 1.5 to 7. The mean observed and expected heterozygosities ranged from 0 to 0.76 and from 0.03 to 0.66, respectively. Cross-species amplifi cation was successful for 13 other Rhododendron species and two additional genera of Ericaceae, with an average of seven pairs of primers amplifying per species.
• Conclusions : These markers will facilitate further studies on the evolutionary history of the large Ericaceae family and Rhododendron in particular.
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Cross-species amplifi cations were tested on individuals from 13 Rhododendron species and two species from the Ericaceae family ( Vaccinium myrtillus L. and Erica scoparia L.). Extractions and PCR conditions were identical to those described above and results are reported in Appendix 1 (successful amplifi cation or not). Overall, three loci among the nine were amplifi ed in all the tested species. At the species level, all loci were amplifi ed in Vaccinium myrtillus , 8 loci in Erica scoparia, and 5 to 8 loci in the 13 Rhododendron species (listed in Appendix 2). However, further development on these loci should be performed to optimize PCR conditions for these 15 species.
CONCLUSIONS
This set of nine polymorphic microsatellites is adequate to further investigate the mating system and population genetic structure of R. ferrugineum , Rhododendron species, and the large Ericaceae family in general. More specifi cally, estimated rates of selfi ng and outcrossing, along with experimental pollination manipulations, might be used to understand the evolutionary responses of R. ferrugineum mating system to heathland fragmentation.
Master Mix, 2.5 pmol of each primer, 1 μ L of DNA and RNase-free water. The PCR program consisted of one step of initial denaturation at 95 ° C (15 min) followed by 40 cycles of denaturation at 95 ° C (30 s), annealing at 55 ° C (30 s), extension at 72 ° C (60 s) and ended with fi nal extension at 72 ° C for 10 min. Forty-four of the 102 primer pairs produced clear amplicons of the expected size on agarose gels.
Among the 44 primer pairs, we chose a set of 24 markers for analysis on automated sequencers that minimized differences in annealing temperatures among primers and maximized the range of amplifi cation product sizes using Multiplex Manager 1.1 ( Holleley and Geerts, 2009 ) . In self-compatible and mass-fl owering species like R. ferrugineum , levels of genetic diversity are often low due to selfi ng and geitonogamy ( Eckert, 2000 ; Charlesworth, 2003 ) . Consequently, to maximize the chance to isolate polymorphic microsatellite loci in the target self-compatible species, we performed two sets of tests. First, we tested the 24 primer pairs on a large spatial scale by genotyping seven individuals collected in three distant areas (42 ° 51 ′ N, 1 ° 4 ′ E; 42 ° 48 ′ N, 0 ° 9 ' E; 42 ° 46 ′ N, 01 ° 55 ′ E) in the French Pyrenees ( " PYR " ). Nine of the 24 loci we examined were polymorphic in our sample. Second, we estimated polymorphism levels of these 9 loci by genotyping 62 individuals from two Pyrenean populations of R. ferrugineum about 150 km away from each other: Cirque de Campuls ( " CirCam " ) and Camurac ( " CAM " ). For each individual sample, 20 mg of lyophilized leaf tissue was ground with two tungsten beads (diameter 3 mm) in 2 mL microtubes at 30 Hz for 90 s using TissueLyser II (Qiagen). DNA extractions were performed using the DNeasy Plant Mini Kit (Qiagen) following the manufacturer ' s instructions. PCR amplifi cations were carried out as described above but with fl uorescent-labeled forward primers (Eurofi ns MWG Operon, Courtaboeuf, France). The dyes were chosen to minimize the number of electrophoresis runs to one (see Table 1 ) .The 9 loci were coamplifi ed in two independent PCR sets (see Table 1 ), and PCR products were pooled before electrophoresis. All of these loci were unambiguously sized using an ABI 3730 sequencer (Applied Biosystems, Courtaboeuf, France) with the 1200 LIZ GeneScan size standard and GENEMAPPER version 4.0 software. Polymorphism tests were realized by Genoscreen (Lille, France).
In the two populations, the levels of polymorphism, deviation from HardyWeinberg equilibrium (HWE) and linkage disequilibrium (LD) between pairs of microsatellite loci, using 1 000 permutations, were calculated using GENE-POP 4.0 ( Raymond and Rousset, 1995 ) . Mean allelic diversity varied from 1.5 to 7, and mean observed heterozygosity from 0 to 0.76 (see data per population in Table 2 ) . One locus was monomorphic in " CAM " and another in the " CirCam " population. However, both loci were polymorphic at a larger scale ( " PYR " ) allowing their use in population genetic studies of the self-compatible shrub ( Table 2 ) . Signifi cant departures from HWE were detected in one locus in CAM and in two loci in CirCam ( Table 2 ). Signifi cant LD was discovered in one loci pair (RF47P1 vs. RF56P1). The sequences of the nine microsatellite loci have been deposited in GenBank (see Table 1 for their accession numbers). 
